Introduction
As a underwater vehicle with new thrust mode, the underwater glide vehicle had shown some enormous advantages. When it is moving, it changes its motion trajectory through changing the gravity, buoyancy and location of gravity, lateral wing. The underwater glide vehicle had many advantages, such as simple structure, low resistance, low noise, high utilize ratio of energy, and it can fit the need of manufacture cost, energy expend, and long time navigation, so it can be used as a kind of long time auto underwater carry platform or surveillant platform [1] .
This paper presents a dynamics model of underwater glide vehicle. The underwater glide vehicle has a compressed body and a pair glide hydrofoil, and it is propelled and controlled through changing the gravity and location of gravity. Section 2 introduces the dimensional dynamics model of underwater glide vehicle. Section 3 presents the model for fluid dynamics of underwater glide vehicle. Section 4 provides the simulation results of the glide motion of the underwater glide vehicle. Finally, Section 5 draws conclusions.
Dimensional dynamics model
First, the kinematics equations of the underwater glide vehicle can be built.
We can commonly select two coordinate systems that are used to describe the underwater glide vehicle kinematics ( Fig. 1 ): earth-fixed frame, which can be regarded as an inertial frame, and body-fixed frame. The position and orientation of the vehicle are described relative to the earth-fixed frame, while the linear and angular velocity and the control forces/moments are described in the body-fixed frame. The vector form of these expressions is [2 -4] 
force/moment vector in body-fixed frame.
Fig. 1 Underwater glide vehicle frames
The velocity vectors in body-fixed frame and in earth-fixed frame can be described as [3, 4] 
where ( ) J R is the rotation matrix, which is shown in equation (2) 
where 
Second, the dynamical equations of the underwater glide vehicle can be built.
Using the momentum theorem and the angular momentum theorem, the dynamical equations of underwater glide vehicle can be given by [5, 6] 
The right hand term in Eq. (3) is the vector of external forces and moments, such as weight, buoyant, fluid dynamics which produced by the motion of underwater glide vehicle, and disturbed force which produced by the environment. In this paper, we suppose that the underwater glide vehicle motions in the enough deep, enough big and enough quiescent water, so the disturbed force which produced by the environment is ignorable.
And the fluid dynamics which produced by the motion of underwater glide vehicle can be described by the mass forces and drag forces of the main body and the fluid dynamics of the glide hydrofoil. The mass forces and drag forces of the main body can be computed by the model which is detailed described in the literature [3] and [4] . And the model of the fluid dynamics of the glide hydrofoil is built in the next section.
Fluid dynamics of underwater glide vehicle
The fluid dynamics of underwater glide vehicle can be calculated by the CFD. In this part, the model of the fluid dynamics was built and the fluid dynamics of underwater glide vehicle was calculated.
The basic of the CFD model is ReynoldsAveraged Navier-Stokes equation [7, 8] .
1. Continuity equation
2. Momentum equation
3. Transportation equation of other variable
The 
The CFD model can be calculated by the numerical procedure, the SIMPLE.
The acronym SIMPLE stems from semi-implicit method for the pressure-linked equations. The SIMPLE algorithm uses a relationship between velocity and pressure corrections to enforce mass conservation and to obtain the pressure field. The SIMPLE algorithm is a comprehensively used algorithm of the flow field in engineering, and it is usually used in computing the incompressible flow.
The calculated results of fluid dynamics. For simulating the motion of the underwater glide vehicle, we calculated the fluid dynamics, which are shown in the Figs. 2, 3 and the Table.   Table  Calculate results In the Fig. 2 , the velocity contour of the underwater glide vehicle was shown, and in the Fig. 3 , the surface stress contour of the underwater glide vehicle was shown.
Through this two Figs., we can find that the fluid field of the underwater glide vehicle is steady, so the calculation is reasonable.
In the Table, the calculate results of fluid dynamics were shown. Through the table, we can find the lift force parameter is bigger than the normal underwater vehicle. It is because the underwater glide vehicle has a big glide hydrofoil [8] . The simulation results indicate that the underwater glide vehicle can steadily complete the underwater glide motion, and the underwater glide can move forward about 2293 m, when the depth change about 700 m. The results also show that the velocity, pitching angle and attack angle has definite fluctuate when the underwater glide vehicle change the glide mode, and they would get stabilization at a definite time.
Conclusions
The dynamics model of underwater glide vehicle and the model for fluid dynamics of glide hydrofoil were presented in this paper for analyzing the dynamics of underwater glide vehicle. The simulation results show that:
1. The underwater glide vehicle can steadily complete the underwater glide motion, and the glide radio achieved 3.27.
2. The motion parameter of the underwater glide vehicle, such as velocity, pitching angle and attack angle has definite fluctuate when the underwater glide vehicle change the glide mode, and they would get stabilization at a definite time.
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